context in the chromosome and driven from its own Here, we show that APOBEC3 proteins also restrict promoter. Hence, it is an ideal system for analyzing the activity of a distantly related long terminal repeat host-factor regulation.
The ability of hA3F and hA3G to restrict HIV-1 replication is correlated with the specific incorporation of these proteins into HIV-1 virions [1, 6, 8]. If APOBEC3 proteins are specifically incorporated into Ty1 VLPs, then they might have disparate effects on transposition of other LTR retrotransposons in yeast, depending on their relative levels of VLP incorporation. To test this hypothesis, we examined the ability of APOBEC3 proteins to block transposition of Ty2 elements, which are more than 90% homologous to Ty1 but show a significant level of divergence within gag [21, 22] . Derivatives of pYES2 containing various APOBEC3-HA alleles were introduced into yeast strains harboring either a Ty1his3AI element (strain JC297) or a Ty2his3AI element (strain JC560). Similar to the results observed with strain JC3212 (Figure 1B) , expression of hA3G, hA3F, or mA3 reduced Ty1his3AI transposition to between 0.8% and 4.5% of the activity in strain JC297 lacking APO-BEC ( Figure 1C ). In contrast, each of the APOBEC3 proteins reduced Ty2his3AI transposition only to 14% to 42% of the activity in strain JC560 lacking APOBEC. Because Ty2 RNA and transposition are both lower than those of Ty1 [23] , these data argue against a passive interaction between hA3G and Ty cDNA or RNA; rather, they raise the possibility that APOBEC3 proteins are preferentially incorporated into Ty1 VLPs.
To test this idea, we determined whether hA3G cosediments with Ty1 VLPs in sucrose gradients. Cell lysate prepared from a strain expressing hA3G-HA was fractionated on two consecutive sucrose gradients. The p58 and p54 Ty1 Gag proteins and the p190 Ty1 GagPol fusion protein were detected in four fractions collected near the bottom of the second gradient by Western blot analysis with anti-VLP antisera (Figure 2A) . Human A3G cosedimented with Ty1 VLPs in the two densest fractions of the four containing Ty1 VLPs. In contrast, hA3G was not present in these dense fractions when expressed in an spt3 strain, which lacks Ty1 VLPs because of the absence of a factor, Spt3, required for Ty1 transcription ( Figure 2B) . Therefore, the inhibition of Ty1 transposition by hA3G may reflect the packaging of hA3G into Ty1 VLPs.
Packaging of hA3G into HIV-1 virions is mediated by a specific interaction between hA3G and the HIV-1 Gag protein [24] [25] [26] [27] . We used glutathione-S-transferase (GST)-based coprecipitation experiments to determine whether hA3G interacts with Ty1 Gag (Figure 3A) . Human 293T cells that expressed a HA epitope-tagged 3 and 4) . Binding assays were performed as described in (A) except that the cell lysate was incubated at 37°C for 10 min in the presence (lanes 2 and 4) or  absence (lanes 1 and 3) unselected Ty1 transposition events to occur. Genomic DNA was prepared, and total Ty1 element integration APOBEC3G preferentially recognizes the target sequence CCCA and does not effectively edit C residues into the upstream region of any of the 16-tRNA gly genes was detected by PCR ( Figure 4B ). As anticipated, the flanked by 5# G residues. (The edited C residue is underlined.) The C residue at position −1 is the most strain lacking hA3G yielded a ladder of PCR products between 0.5 kb and 1.2 kb (representing Ty1 insertions highly favored, but T at position −1 is recognized at a low frequency [7] . Analysis of nucleotides adjacent to~100 to 800 bp upstream of one or more tRNA gly genes [31] ). The appearance of this ladder was dependent on the edited C residues in Ty1 indicated that APOBEC3G has a relaxed target specificity in yeast ( Figure 4A ). At Ty1 transcription, which is reduced in a tec1D mutant. Expression of hA3G sharply reduced the appearance of position −1, T or C is preferred, and at position −2, either A or C is preferred. We note that G residues were Ty1 integration bands. Importantly, amino-acid substitutions in the catalytic domains of hA3G restored Ty1 not detected at either position. This somewhat relaxed specificity may reflect the fact that Ty1 transposition integration upstream of tRNA gly genes. These findings indicate that the cytidine deaminase activity of hA3G assays are conducted at 20°C, which is significantly lower than the temperature of 37°C at which HIV-1 repliinterferes with cDNA integration or a step prior to it, such as cDNA synthesis or stability. Therefore, we hycation is assayed. This reduced temperature may stabilize the binding of hA3G to less favorable consensus pothesize that heavily deaminated Ty1 cDNA may be rapidly degraded in vivo. sequences.
It is possible that the low level of editing we observed The HIV-1 protein Vif suppresses the antiviral activity of hA3G by targeting it for ubiquitination and degradain Ty1 cDNAs after expression of hA3G is a consequence of having selected for a functional HIS3 gene, tion [32] [33] [34] . Therefore, we determined whether HIV-1Vif could restore Ty1 retrotransposition when hA3G was which may have enriched for cDNAs that escaped editing. However, Ty1 cDNA extracted from sucrose-gradiexpressed. Although Vif was expressed at high levels, hA3G inhibited Ty1his3AI transposition equally in its ent-purified Ty1 VLPs from strains expressing hA3G also had a similarly low but significant level of C to T presence or absence (data not shown). In human cells, a Vif mutant that interacts with hA3G, but not the Cul5-transitions on the minus strand (data not shown). A second possibility is that hypermutated Ty1 cDNA might elongin B/C E3-ubiquitin ligase, does not induce degradation of hA3G. Hence, our results may be explained by be targeted for degradation, as has been observed for HIV-1, and therefore would be unavailable for integthe fact that the yeast homologs of 
